INTRODUCTION 57
In the contemporary ocean, photosynthetic carbon fixation by marine phytoplankton 58 leads to formation of ~45 gigatons of organic carbon (C) per annum, of which ~11 59 gigatons are exported to the ocean interior (Laws et al., 2000) . To sustain this C flux 60 through marine ecosystems, essential elements must be supplied in a ratio reflecting the 61 composition of marine phytoplankton species. The role of some of these essential trace 62 elements has been summarized by Morel et al. (2003) and Morel and Price (2003) for 63 example, of Co, Cd and Zn in carbon dioxide acquisition, Fe and Mn in carbon fixation, 64
Zn, Cd and Se in silica uptake, Fe and Mo in fixation and Fe, Cu and Ni in organic N 65 utilization. 66
In most areas of the oceans, the concentrations of essential trace elements are 67 extremely low. Moreover, these elements are present in different chemical forms such as 68 free ionic, labile bound and strongly bound to organic ligands, and different sizes, such as 69 truly soluble through colloidal (nominally >1000 kDa to <0.2 µm) to particulate (>0.2 70 µm). Not all of these forms are accessible to phytoplankton. To cross the phytoplankton 71 cell membrane they need to be small (Carpita et al., 1979; Zhang and Davision, 2000; 72 Zemke-White et al., 2000) and in free ionic or labile bound forms (Davison and Zhang, 73 1994; Morel and Price, 2003) . It is thus important to assess the small and labile fraction 74 of those essential trace elements in the dissolved phase because they are the most 75 bioavailable. 76
Techniques which enable estimation of the labile metal fraction in the ocean are 77 DGT, electrochemical stripping techniques such as ASV, CSV and chronopotentiometry 78 or ion exchange methods (e.g. Buckley and van den Berg, 1986; Davison and Zhang, 79 double layer system, with the diffusive gel layer (controlling the mass transport) on top of 81 a Chelex-100 resin gel layer (acting as a sink for metals). According to Zhang and 82 and Twiss and Moffett (2002) , the difference between DGT and Anodic 83
Stripping Voltammetry is that DGT contains a thicker diffusion layer allowing more 84 dissociation of labile complexes and also allowing the choice of an appropriate sampling 85 time scale. DGT devices are also easier to handle and more robust at sea than 86 voltammetric instruments. 87
The polyacrylamide gels used in DGT devices allow free diffusion of metal ions 88 and metal-ligand complexes, but the latter are limited by their size. The pore size of the 89 gels is not exactly known, but the diffusion of metal complexes with fulvic and humic 90 acid indicates nominal pore sizes for Open-Pored DGT gels of ~10 nm and for 91
Restricted-Pored DGT gels of ~1 nm. In both cases, inorganic and organic metal 92 complexes which are less stable than the metal-Chelex bond dissociate during their 93 transport in the gel, and are bound by the Chelex resin ( Figure 2 ). The fact that (1) the 94 dimensions of the species measured by the DGT are smaller than or equal to the pore 95 sizes of the cell walls of algae (Carpita et al., 1979; Zhang and Davision, 2000; Zemke-96 White et al., 2000) and (2) that only labile species were measured (Davison and Zhang, 97 1994) gives confidence that these species are most probable bioavailable species to algae. 98
In fact, an in depth study by Zhang and Davison (2000) showed that if a measurement is 99
made with an open-pored gel (in our paper indicated as < 10 nm pore size), both 100 inorganic and organic labile complexes are measured. When membrane transport is slow, 101 the concentration of the free ion in solution determines the rate of uptake (Campbell, 102 concentration of each species and their diffusion coefficient. This is exactly what DGT 104 measures directly with the open-pored gel, as it is a physical surrogate of fast membrane 105 transport. This type of DGT measurement therefore provides, directly, the effective 106 bioavailable metal concentration for the worst possible biological situation of fast 107 membrane transport. A measurement with a restricted gel (in our paper indicated as < 1 108 nm pore size) provides a reasonable estimate of the inorganic labile species 109 concentration. 110
In this work the DGT results were compared to the Total Dissolvabled (TD) 111 element fraction in an unfiltered, acidified sample (1 mL nitric acid to 500 mL sample), 112
following extraction with diethyldithiocarbamate in freon at a pH of 5, and analysed by 113 inductively coupled plasma -mass spectrometry (ICP-MS). This TD fraction also 114 includes labile trace metals associated with particulates. Pro Analysis) were dissolved in 1 mL (Suprapur) and diluted to 100 mL with Milli Q 168 water. The clean up of this solution involved a three times extraction with 20 mL freon. 169
The solution was freshly prepared every 3 days. Freon: 400 mL freon (Pro Analysis) was 170 washed three times with 5 mL sub boiled nitric acid in a 1000 mL Teflon separatory 171 funnel.
to a pH of 4.5 to 5.0 by means of the ammonium acetate buffer, in order to obtain optimal 174 complexation. The pH was immediately checked and if required, additional buffer was 175 added. To the buffered solution 2.5 mL complexant (solution of 1% APDC / 1% DDDC) 176 was added. The metal complexes were then extracted in three steps: for the first 177 extraction, 10 mL of freon was added, the funnel shaken vigorously for 2 minutes, the 178 phases separated over 5 minutes and the freon phase then layered off into a second 179 separation Teflon funnel; for the second extraction, 5 mL of freon was added, with the 180 further steps identical to that of the first extraction; the third extraction was identical to 181 the second one. All 3 Freon layers were collected in the second separation Teflon funnel, 182
to which 200 µL of was added, and allowed to react for 15 minutes. Six mL of Milli Q 183 water was then added, the funnel shaken for 1 min, and 5 mL of the upper aqueous phase 184 transferred to a 10 mL polypropylene tube and stored at 4°C. These samples were 185 analysed by high resolution inductively coupled -mass spectrometry (ICP-MS; Thermo 186 Finnigan Element2). The NASS5 reference material (from the National Research 187 Council, Canada) was analyzed after Freon extraction along with the samples. Agreement 188 between reference and our measured values after Freon extraction was satisfactory 189 (maximum of 18% deviation, see Table S1 ). (Table 2) . Even when we take into account the rather large uncertainties 231 on those small to very small concentrations (on the TD concentrations, RSDs are up to 232 20%, see Table 2 where averages and STDs are reported, and are thus of the same 233 magnitude as the differences found on the reference sea water sample NASS5), they had 234 no influence on the conclusions we can draw between the 3 trace element pools (0-1 nm, 235 1-10 nm and 10 nm-TD). For example TD Fe is between 4 to 14 times higher than the 236 <10 nm fraction and the latter is between 3 and 7 times higher than the <1 nm fraction. 237
Fe and Cu are known to be mainly present in the dissolved phase as colloids or as 238 complexes that are strongly bound to ligands and thus unlikely to form labile complexes 239 of microbial activity on the size fractionated concentrations observed, we performed 259 some additional measurements in the Northwest Pacific that allow us to get a better 260 insight in the magnitude of that process. During the Vertigo experiment at K2, 261 ammonium regeneration as well as bacterial mineralization rates were assessed with two 262 different methods (Elskens et al., 2008) . Both rates compared very well, with average 263 values of 0.1 and 0.06 µM-N hP -1 P for ammonium regeneration and bacterial 264 mineralization, respectively. In terms of phosphorus by using the Redfield ratio of 16 for 265 N/P, this means a regeneration rate of the order of 5.2 nM hP -1 P . In the literature we can find 266 some ranges of Me/P ratios in phytoplankton and as a first approximation we will assume 267 that those ratios are maintained during organic matter regeneration. We will consider two 268 extreme cases: an element with a very low labile fraction (Fe) and one with a high labile 269 fraction (Co), see Table 2 In Table 3, Ocean and the Southern Ocean, it has been shown that low levels of Fe are entirely or 298 partly responsible for the under-utilization of the major nutrients and the lower than 299 expected chlorophyll levels (e.g. Martin and Fitzwater, 1988; Boyd et al., 2000) . 300
However, an important remaining question is whether phytoplankton primary 301 productivity is limited by the labile concentrations of trace elements other than Fe, and if 302 so, (1) which one's and (2) is this co-limitation the same in the Northwest Pacific and the 303 Southern Ocean? In prior studies of the Peru upwelling region, Co scarcity and speciation 304 was found to influence phytoplankton species composition (Saito et al., 2004) and Fe, 305
Mn, Cu and Zn were found to be co-limiting productivity in the subarctic Pacific Ocean 306 (Coale, 1991) . In studies on phytoplankton cultures, several co-limitations were observed: 307 for example Peers and Price (2004)P P found Fe and Mn to be co-limiting. 308
Several parameters will finally determine which of the elements is limiting or co-309 limiting primary productivity in the open ocean. The cellular Me/P ratios, which reflect the plankton demand of a given trace element during growth, are different when 311 considering diatoms, flagellates or coccolitophores (Ho et. al, 2003; Twining et al., 2004) 312 and will vary during the season, relative to the trace element's availability (Sunda and 313 Huntsman, 1995) . For some of the trace elements there exists also a mechanism of 314 replacement by some other one in case of scarcity (Morel, 2008) 
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